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Carrying out an analysis of the constraints and their linearizations on a spacelike hypersurface, we
show that topologically massive gravity has a linearization instability at the chiral gravity limit about
AdS3. We also calculate the symplectic structure for all the known perturbative modes (including
the log-mode) for the linearized field equations and find it to be degenerate (non-invertible) hence
these modes do not approximate exact solutions and so do not belong to the linearized phase space
of the theory. Naive perturbation theory fails: the linearized field equations are necessary but not
sufficient in finding viable linearized solutions. This has important consequences for both classical
and possible quantum versions of the theory.
PACS numbers:
I. INTRODUCTION
Quantum gravity is elusive not mainly because we lack
computational tools, but because we do not know what
to compute and so how to define the theory for a generic
spacetime. One possible exception and a promising path
is the case of asymptotically anti-de Sitter (AdS) space-
times for which a dual quantum conformal field theory
that lives on the boundary of a bulk spacetime with
gravity would amount to a definition of quantum grav-
ity. But, even for this setting, we do not have a realistic
four dimensional example. In three dimensions, the situa-
tion is slightly better: the cosmological Einstein’s theory
(with Λ < 0) has a black hole solution [1] and possesses
the right boundary symmetries (a double copy of the cen-
trally extended Virasoro algebra [2]) for a unitary two
dimensional conformal field theory. But as the theory
has no local dynamics (namely gravitons), it is not clear
exactly how much one can learn from this model as far as
quantum gravity is concerned. Having said that, even for
this ostensibly simple model, we still do not yet have a
quantum gravity theory. Recasting Einstein’s gravity in
terms of a solvable Chern-Simons gauge theory is a pos-
sible avenue [3], but this only works for non-invertible
dreibein which cannot be coupled to generic matter.
A more realistic gravity in three dimensions is the topo-
logically massive gravity (TMG) [4] which has black hole
solutions as well as a dynamical massive graviton. But
the apparent problem with TMG is that the bulk gravi-
ton and the black hole cannot be made to have positive
energy generally. This obstruction to a viable classical
and perhaps quantum theory was observed to disappear
in an important work [5], where it was realized that at
a "chiral point" defined by a tuned topological mass in
terms of the AdS radius, one of the Virasoro algebras
has a vanishing central charge (and so admits a triv-
ial unitary representation) and the other has a positive
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nonzero central charge with unitary nontrivial represen-
tations, the theory has a positive energy black hole and
zero energy bulk gravitons. This tuned version of TMG,
called "chiral gravity", seems to be a viable candidate for
a well-behaved classical and quantum gravity.
One of the main objections raised against the chiral
gravity is that it possesses a negative energy perturba-
tive log-mode about the AdS vacuum which ruins the
unitarity of the putative boundary CFT [6]. Of course
if this is the case, chiral gravity is not even viable at
the classical level, since it does not have a vacuum. It
was argued in [7, 8] that chiral gravity could survive if
the theory is linearization unstable about its AdS solu-
tion. This means that there would be perturbative modes
which cannot be obtained from any exact solution of the
theory. In fact, these arguments were supported with
the computations given in [9] where it was shown that
the Taub charges which are functionals quadratic in the
perturbative modes that must vanish identically due to
background diffeomorphism invariance, do not vanish for
the log-mode that ruins the chiral gravity. This means
that the log-mode found from the linearized field equa-
tions is an artifact of the linearized equations and does
not satisfy the global constraints coming from the Bianchi
identities.
In this work, we give a direct proof of the linearization
instability of chiral gravity in AdS using the constraint
analysis of the full TMG equations defined on a spacelike
hypersurface. The crux of the argument that we shall
lay out below is the following: the linearized constraint
equations of TMG show that there are inconsistencies
exactly at the chiral point. Namely perturbed matter
fields do not determine the perturbations of the metric
components on the spacelike hypersurface and there are
unphysical constraints on matter perturbations besides
the usual covariant conservation.
To support our local analysis on the hypersurface, we
compute the symplectic structure (that carries all the
information about the phase space of the theory) for all
perturbative solutions of the linearized field equations
and find that the symplectic 2-form is degenerate and
so non-invertible hence these modes do not approximate
2(i.e. they are not tangent to) actual nonlinear solutions.
The symplectic 2-form evaluated for the log-mode is time-
dependent (hence not coordinate-invariant) and vanishes
at the initial value surface and grows unbounded in the
future.
To carry out the constraint analysis and their lineariza-
tions (which will yield possible nearby solutions to exact
solution), we shall use the field equations instead of the
TMG action as the latter is not diffeomorphism invariant
which complicates the discussion via the introduction of
tensor densities (momenta) instead of tensors. We shall
also work in the metric formulation instead of the first
order one as there can be significant differences between
the two formulations. Before we indulge into the analysis,
let us note that the linearization instability that arises in
the perturbative treatment of nonlinear theories and can
be confused with dynamical or structural instability, as
both are determined with the same linearization tech-
niques.The difference is important: the latter refers to a
real instability of a system such as the instability of the
vacuum in a theory with ghosts such as the R + βR2µν
theory with β 6= 0, this is simply not physically accept-
able. On the other hand linearization instability refers to
the failure of perturbation theory for a given background
solution and one should resort to another method to pro-
ceed. From the point of view of the full solution space of
the theory, this means that this (possibly infinite dimen-
sional) space is not a smooth manifold but it has conical
singularities around certain solutions. Let us expound on
this a little bit.
II. LINEARIZATION INSTABILITY IN BRIEF
A nonlinear equation F (x) = 0 is said to be lineariza-
tion stable at a solution x0 if every solution δx to the
linearized equation F ′(x0) · δx = 0 is tangent to a curve
of solutions to the original nonlinear equation. In some
nonlinear theories, not all solutions to the linearized field
equations represent linearized versions of exact (nonlin-
ear) solutions. As a common algebraic example, let us
consider the function F (x, y) = x(x2+y2) = 0, where x, y
are real, exact solution space is one dimensional given as
(0, y), and the linearized solution space is also one di-
mensional (0, δy) as long as y 6= 0. But at exactly the
solution (0, 0), the linearized solution space is two dimen-
sional (δx, δy) and so there are clearly linerized solutions
with δx 6= 0, which do not come from the linearization
of any exact solution. The existence of such spurious
solutions depends on the particular theory at hand and
the background solution (with its symmetries and topol-
ogy) about which linearization is carried out. If such so
called "nonintegrable" solutions exist, perturbation the-
ory in some directions of solution space fails and we say
that the theory is not linearization stable at a nonlinear
exact solution.
What we have just described is not an exotic phe-
nomenon: a priori no nonlinear theory is immune to lin-
earization instability: one must study the problem case
by case. For example, pure general relativity is lineariza-
tion stable in Minkowski spacetime (with a non-compact
Cauchy surface) [10], hence perturbation theory makes
sense, but it is not linearization stable on a background
with compact Cauchy surfaces that possesses at least one
Killing symmetry [15] which is the case when the Cauchy
surface is a flat 3-torus [16]: on T 3×R, at second order of
the perturbation theory, one must go back and readjust
the first order perturbative solution.
As gravity is our main interest here, let us consider
some nonlinear gravity field equations in a coordinate
chart as Eµν = 0, which admits g¯µν as an exact solu-
tion, if every solution hµν of the linearized field equations
E
(1)(g¯) ·h = 0 is tangent to an exact solution gµν(λ) such
that gµν(0) = g¯µν and
dgµν
dλ |λ=0 = hµν then, according
to our definition above, the theory is linearization stable.
Otherwise it is linearization unstable. In general, we do
not have a theorem stating the necessary and sufficient
conditions for the linearization stability of a generic grav-
ity theory about a given exact solution. For a detailed
discussion on generic gravity models, see our recent work
[9]. But, as discussed in section II of that work, defining
the second order perturbation as
d2gµν
dλ2 |λ=0 = kµν , if the
following second order equation
(E )(2)(g¯) · [h, h] + (E )(1)(g¯) · k = 0, (1)
has a solution for kµν without a constraint on the lin-
ear solution hµν , then the theory is linearization stable.
Of course, at this stage it is not clear that there will
arise no further constraints on the linear theory beyond
the second order perturbation theory. In fact, besides
Einstein’s theory, this problem has not been worked out.
But in Einstein’s gravity, as the constraint equations are
related to the zeros of the moment map, one knows that
there will be no further constraint for the linear theory
coming from higher order perturbation theory beyond
the second order [14]. In Einstein’s gravity for compact
Cauchy surfaces without a boundary, the necessary and
sufficient conditions are known for linearization stability
[15, 17–19].
In practice, it is very hard to show that (1) is satis-
fied for all linearized solutions, therefore, one resorts to
a weaker condition by contracting that equation with a
Killing vector field and integrates over a hypersurface to
obtain QTaub
[
ξ¯
]
+QADT
[
ξ¯
]
= 0 where the Taub charge
[11] is defined as1
QTaub
[
ξ¯
]
:=
ˆ
Σ
d3Σ
√
γ nˆν ξ¯
µ
(E µν)
(2) · [h, h], (2)
1 As it appears in the second order perturbation theory, the Taub
charge is not a widely known quantity in physics, for a more
detailed account of it, we invite the reader to study the relevant
section of [9]
3and the ADT charge [12, 13] is defined as
QADT
[
ξ¯
]
:=
ˆ
Σ
d3Σ
√
γ nˆν ξ¯
µ
(E µν)
(1) · k. (3)
The latter can be expressed as a boundary integral. For
the case of compact Cauchy surfaces without a boundary,
QADT = 0, and hence one must have QTaub = 0 which
leads to the aforementioned quadratic integral constraint
on the linearized perturbation hµν as the integral in (2)
should be zero. This is the case for Einstein’s gravity,
for example, on a flat 3-torus: QTaub does not vanish
automatically and so the first order perturbative result
h is constrained. On the other hand, for extended grav-
ity theories (such as the theory we discuss here), QADT
vanishes for a different reason, even for non-compact sur-
faces, as in the case of AdS. The reason is that for some
tuned values of the parameters in the theory, the con-
tribution to the conserved charges from various tensors
cancel each other exact, yielding nonvacuum solutions
that carry the (vanishing) charges of the vacuum. This
is the source of instability.
III. ADM DECOMPOSITION OF TMG
Before restricting to the chiral gravity limit, we first
study the full TMG field equations coupled with matter
fields as an initial value problem, hence we take
Eµν = Gµν + Λgµν +
1
µ
Cµν = κτµν . (4)
The ADM [20] decomposition of the metric reads
ds2 = −(n2 − nini)dt2 + 2nidtdxi + γijdxidxj , (5)
where (n, ni) are lapse and shift functions and γij is the
2D spatial metric. From now on, the Greek indices will
run over the full spacetime, while the Latin indices will
run over the hypersurface Σ, as i, j... = 1, 2. The spatial
indices will be raised and lowered by the 2D metric. The
extrinsic curvature (kij) of the surface is given as
2nkij = γ˙ij − 2D(inj), (6)
where D is the covariant derivative compatible with γij
and γ˙ij := ∂0γij and the round brackets denote sym-
metrization with a factor of 1/2. With the convention
Rρσ = ∂µΓ
µ
ρσ − ∂ρΓµµσ + ΓµµνΓνρσ − ΓµσνΓνµρ, one finds the
hypersurface components of the three dimensional Ricci
tensor as
Rij =
(2)Rij + kkij − 2kikkkj (7)
+
1
n
(k˙ij − nkDkkij −Di∂jn− 2kk(iDj)nk),
where (2)Rij is the Ricci tensor of the hypersurface and
k ≡ γijkij . Similarly one find the twice projection to the
normal of the surface as
R00 =
ninj
n
(k˙ij − nkDkkij −Di∂jn− 2kkjDink)
− n2k2ij + ninj((2)Rij + kkij − 2kikkkj ) (8)
+ n(Dk∂
kn− k˙ − nkDkk + 2nkDmkmk ).
On the other hand, projecting once to the surface and
once normal to the surface yields
R0i =
nj
n
(k˙ij − nkDkkij −Di∂jn− 2kk(iDj)nk) (9)
+ nj((2)Rij + kkij − 2kikkkj ) + n(Dik +Dmkmi ).
We also need the 3D scalar curvature in terms of the
hypersurface quantities which can be found as
R = (2)R+k2−k2ij+
2
n
(k˙+nk2ij−DiDin−niDik). (10)
Given the Schouten tensor Sµν := Rµν − 14Rgµν , the
Cotton tensor is defined as
Cµν :=
1
2
ǫραβ(gµρ∇αSβν + gνρ∇αSβµ), (11)
where ǫραβ is the totally antisymmetric tensor which
splits as ǫ0mn = 1nǫ
mn = 1nγ
− 1
2 εmn where εmn is the
antisymmetric symbol. Just as we have done the ADM
decomposition of the Ricci tensor, a rather lengthy com-
putation yields the following expressions, for the projec-
tions of the Cotton tensor
2nCij =ǫ
mnni(DmSnj − kmj(Drkrn − ∂nk))
+ ǫm i
{
S˙mj − nkkj Smk − SmkDjnk
− (∂jn+ nrkrj)(Dsksm − ∂mk)
−Dm(nrSrj + n(Drkrj −Djk))
+ kmj(Dk∂
kn− k˙ + nkDsksk + n(
R
4
− k2rs))
}
+ i↔ j, (12)
and
Ci0 = n
jCij − ǫ
mn
2
(nAmni − niBmn − γin(Cm + nEm))
(13)
and
C00 = n
injCij (14)
− ǫmn(nniAmni − (nini − n2)Bmn − nn(Cm + nEm)),
where we have defined the following tensors
Amni ≡ DmSni − kmi (Drkrn − ∂nk) ,
Bmn ≡ DmDrkrn − kkmSkn,
Em ≡ 2krsDmkrs − 1
4
∂mR + k
k
m (Drk
r
k − ∂kk) ,
Cm ≡ ∂0Drkrm − Skm (∂kn+ nrkrk)−DmDk∂kn
−Dm
(
nkDsk
s
k
)
+ kkmSkrn
r + ∂mn(k
2
rs −
R
4
).
4Using the above decomposition, we can recast the ADM
form of the full TMG equations as
Eij = Sij − 1
4
γijR+ Λγij +
1
µ
Cij = κτij (15)
and
E0i =κτ0i = n
j
Eij + n(Drk
r
i − ∂ik) (16)
− 1
2µ
ǫmn(nAmni − niBmn − γin(Cm + nEm))
and
E00 = κτ00 = 2n
i
E0i − ninjEij − Λn2 − 1
µ
ǫmnn2Bmn
+ n(Dk∂
kn− k˙ + nkDkk + n(R
2
− k2rs)). (17)
From E0i, we get the momentum constraint as
Φi = κ(τ0i − njτij) = n(Drkri − ∂ik) (18)
+
1
2µ
ǫmn(niBmn − nAmni + γinCm + nγinEm)
and from E00 we get the Hamiltonian constraint as
Φ =
κ
n2
(τ00 − 2niτ0i + ninjτij)
+
1
2
((2)R + k2 − k2ij − 2Λ)
− 1
µ
ǫmn
(
DmDrk
r
n − kkmSkn
)
, (19)
where in the last equation we made use of the explicit
form of R given in (10) which for TMG is R = 6Λ− 2κτ .
From now on, for our purposes, it will suffice to work in
the Gaussian normal coordinates with n = 1 and ni = 0
for which kij =
1
2 γ˙ij and the constraints reduce to
ǫmn
4µ
(γ˙imγ
ik((2)Rkn − γ˙kpγ˙snγps − γ¨kn)− 2DmDkγ˙kn)
− 1
8
γ˙ij
(
γ˙abγ
abγij + γ˙ij
)
= κτ00 + Λ−
(2)R
2
(20)
and
ǫm i
8µ
(
γ˙kp(2Dkγ˙pm −Dmγ˙kp) + 2Dkγ¨km − γ˙mkγklDpγ˙pl
)
− ǫ
mn
8µ
(
γ˙abγ
abDmγ˙in − 2γksDm(γ˙knγ˙si)
+ 2Dmγ¨in − γ˙miDkγ˙kn
)
(21)
+
1
2
(
Dkγ˙ki − γabDiγ˙ab
)
= κτ0i +
1
2µ
ǫmnDm
(2)Rni.
Furthermore, taking a conformally flat 2D metric on Σ,
we have γij = e
ϕδij , where ϕ = ϕ(t, xi), kij =
1
2 ϕ˙γij and
the 2D Ricci tensor becomes
(2)Rij = −1
4
γije
−ϕ (2Dk∂kϕ+ ∂kϕ∂kϕ) , (22)
whereas the 3D Ricci tensor reads
Rij =
1
2
γij(−Dk∂kϕ+ ϕ˙2 + ϕ¨− 1
2
∂kϕ∂kϕ) (23)
and the 3D scalar curvature is
R = −Dk∂kϕ+ 3
2
ϕ˙2 + 2ϕ¨− 1
2
∂kϕ∂kϕ. (24)
With all these results in hand, one can obtain from the
constraint equations the following relation
∂iϕ˙ = −Ji + 1
2µ
ǫm iϕ˙∂mϕ˙, (25)
where we have introduced the "source current" which, on
the hypersurface, reads
Ji := 2κτ0i +
κ
µ
ǫm i∂mτ00. (26)
Contracting (25) with the epsilon-tensor, one arrives at
2µ
ϕ˙
ǫmi∂mϕ˙
(
1 +
ϕ˙2
4µ2
)
= −2µ
ϕ˙
ǫmiJm + J
i. (27)
In the case of vacuum, τµν = 0, and so Ji = 0, the
unique solution to (27) is of the form ϕ0 = ct, where c is
a constant which can be found from the trace equation
that reads R = 6Λ. So c = 2
√
Λ ≡ 2ℓ , which is the de
Sitter (dS) solution and ℓ > 0 is its radius. Turning on a
compactly supported matter perturbation with δτµν 6= 0,
one has δJi 6= 0 and perturbing the constraint equations
about ϕ0 as ϕ = ϕ0 + δϕ, we find a linearized constraint
equation
µ(1 +
1
µ2ℓ2
)ǫm i∂mδϕ˙ (28)
=(∂i +
1
µℓ
ǫm i∂m)κδτ00 + 2µ(ǫi
m +
1
µℓ
δm i)κδτ0m,
from which, for the dS case, one can solve the perturba-
tion (δϕ) and hence the perturbed metric by integration
in terms of the perturbed matter fields on the hypersur-
face. Hence dS is linearization stable in TMG for any
finite value of µℓ. The other linearized constraints are
compatible with this solution. Our computation has been
analytic in ℓ, hence, we can do the following "Wick" rota-
tion to study the AdS case: xi → ixi, t→ it, ℓ→ iℓ yield-
ing Λ = − 1ℓ2 with the Gaussian normal form of the (sig-
nature changed) metric ds2 = dt2 − e−2t/ℓ (dx2 + dx2) .
Then for AdS, (28) becomes
µ(1− 1
µ2ℓ2
)ǫm i∂mδϕ˙ (29)
=− (∂i − 1
µℓ
ǫm i∂m)κδτ00 − 2µ(ǫi m + 1
µℓ
δm i)κδτ0m
and once again the perturbation theory is valid for
generic values of µℓ in AdS as in the case of dS. But
at the chiral point, µℓ = 1, the left-hand side vanishes
5identically and there is an unphysical constraint on the
matter perturbations δτ0m and δτ00 in addition to their
background covariant conservation. Moreover, the metric
perturbation is not determined by the matter perturba-
tion. What this says is that in the chiral gravity limit
of TMG, for AdS, the exact AdS solution is lineariza-
tion unstable. The above computation has been a local
one, and does not depend on the fact that AdS does not
have a Cauchy surface on which one can define the initial
value problem. AdS requires initial and boundary values
together, but what we have computed is a necessary con-
dition for such a formulation (not a sufficient one) and
AdS in chiral gravity does not satisfy the necessary con-
ditions for the initial-boundary value problem.
IV. SYMPLECTIC STRUCTURE OF TMG
Let us give another argument for the linearization in-
stability of AdS making use of the symplectic struc-
ture of TMG which was found in [21] following [22] as
ω :=
´
Σ dΣα
√
|g|J α, where Σ is the hypersurface. ω
is a closed (δw = 0) non-degenerate (except for gauge
directions) 2-form for full TMG including chiral gravity.
Here the on-shell covariantly conserved symplectic cur-
rent reads
J α = δΓαµν ∧ (δgµν +
1
2
gµνδ ln g)
− δΓνµν ∧ (δgαµ +
1
2
gαµδ ln g)
+
1
µ
ǫανσ(δSρσ ∧ δgνρ +
1
2
δΓρνβ ∧ δΓβσρ). (30)
What is important to understand is that ω is a gauge in-
variant object on the solution space, say Z, and also on
the (more relevant) quotient Z/Diff which is the phase
space and Diff is the group of diffeomorphisms. There-
fore, even without knowing the full space of solutions, by
studying the symplectic structure, one gains a lot of in-
formation for both classical and quantum versions of the
theory. Perturbative solutions live in the tangent space
of the phase space and hence they are crucial in the dis-
cussion. We refer the reader to [21] for a full discussion
of this.
Let us show that for the linearized solutions of chiral
gravity given in [5] the symplectic 2-form is degenerate
and hence not invertible. In the global coordinates, the
background metric reads
ds2 = ℓ2
(− cosh2 ρ dτ2 + sinh2 ρ dφ2 + dρ2), (31)
defining u = τ + φ, v = τ − φ, making use of the
SL(2, R)×SL(2, R), [5] found all the primary states (but
one) and their descendants. The primary solutions are
hµν = ℜ
{
e−i∆τ−iSφFµν(ρ)
}
, (32)
where the real part is taken and the background tensor
reads
Fµν(ρ) = f(ρ)


1 S2
2i
sinh 2ρ
S
2 1
iS
sinh 2ρ
2i
sinh 2ρ
iS
sinh 2ρ − 4sinh2 2ρ

 (33)
and f(ρ) = (cosh ρ)−∆ sinh2 ρ, where ∆ ≡ h + h¯ and
S ≡ h − h¯. Components of the symplectic current for
these modes (for generic µℓ) can be found as
J τ = (4− S
2)(S + 2µℓ)∆
8µℓ7(cosh ρ)2(1+∆)
sin (2∆τ + 2Sφ) ,
J φ = −2 coth
2 ρ
S + 2µℓ
J τ , (34)
J ρ = − (S∆+ 4µℓ) cothρ+ (∆− 2)µℓ sinh 2ρ
∆(S + 2µℓ)
J τ ,
which yield a vanishing ω at the chiral limit since for left,
right and massive modes we have S2 = 4 and the rele-
vant symplectic current J τ vanishes identically, hence
the solution is not viable. Moreover, one can show that
its Taub charge diverges, while its ADT charge is for the
background Killing vector (−1, 0, 0) is
QADT = − lim
r→∞
sin(πS) cos(2πS +∆t)
4πS22−∆ℓ
∆(2∆ + S − 2)
×er(2−∆), (35)
which vanishes for the massive mode ∆ = S = 2. In
addition to the above solutions, there is an additional
the log-mode given in [6] which reads
hµν = f1(τ, ρ)

 0 0 10 0 1
1 1 0


µν
+ f2(τ, ρ)

 1 1 01 1 0
0 0 − 4
sinh2 2ρ


µν
, (36)
where the two functions are given as
f1(τ, ρ) =
sinh ρ
cosh3 ρ
(τ cos 2u− sin 2u ln cosh ρ),
f2(τ, ρ) = − tanh2ρ (τ sin 2u+ cos 2u ln cosh ρ).
The components of the symplectic current for this mode
read
J τ = 1
µℓ7
τ((1 − µℓ) cosh 2ρ+ 1)sech10ρ,
J φ = − 2
µℓ7
τ(1 − µℓ)sech8ρ, (37)
J ρ = 1
ℓ6
tanh ρ sech8ρ(4(log2 cosh ρ+ τ2) + log sech ρ),
which yield a linearly growing ω in τ and vanishes on the
initial value surface. What all these say is that first or-
der perturbation theory simply fails in chiral gravity limit
6of TMG. If the theory makes any sense at the classical
and/or quantum level one must resort to a new method
to carry out computations. This significantly affects its
interpretation in the context of AdS/CFT as the per-
turbed metric couples to the energy-momentum tensor
of the boundary CFT. This of course does not say any-
thing about the solutions of the theory which are not
globally AdS and one might simply have to define the
theory in a different background.
V. CONCLUSIONS
The problem studied here is a frequently recurring one
[23], for example it also appears in critical gravity [24, 25].
Linearized solutions by definition satisfy the linearized
equations but this is not sufficient; they should also sat-
isfy a quadratic constraint to actually represent linearized
versions of exact solutions. This deep result comes from
the Bianchi identities and their linearizations and it is
connected to the conserved quantities. With the obser-
vation of gravity waves, research in general relativity and
its modifications, extensions has entered an exciting era
in which many theories might be possibly tested. One
major tool of computation in nonlinear theories, such as
gravity, is perturbation theory from which one obtains a
lot of information and the gravitational wave physics is
no exception as one uses the tools of perturbation the-
ory to obtain the wave profile far away from the sources.
Therefore, the issue of linearization instability arises in
any use of perturbation theory as the examples provided
here and before [9] show even for the ostensibly safe case
of spacetimes with noncompact Cauchy surfaces.
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